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(54) SOLID-STATE IMAGE PICKUP DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a solid-state image pickup 
device excellent in S/N and wide in dynamic range and capable of 
obtaining a high pixel output 

SOLUTION: This device is configured by arranging pixels in a matrix. 
In this case, each pixel of the device is made up of a photoelectric 
conversion photoelectric diode PD, a MOS transistoKTR) T1 that 
converts its output current into a logarithmically transformed voltage, 
a MOS TR T2 whose gate receives the logarithmically transformed 
voltage, a capacitor C whose one-side terminal connects to a source 
of the MOS TR T2 to receive an output current from the source and 
whose other terminal connects to a DC voltage line Vss, a MOS TR 
T3 that amplifies an output of the capacitor C, and a guide path 
through which the amplified signal is led to an output signal line. 
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*mktir&mm*mm ■■ %mmmi-£, 
■fzMmmWk^&t, mimmtm2mmtummmb 

%>**rt*s$£, 

[»*H3] miiBtis^tt, mimm£m2mm£mm 

£ 1 Xfitf *! 2 £3Btt©ilttS&gB. 

3 1 *&mt-t&m#m. 3 ci3$i©B<«i&^e. 

»2«aciMI*iiTV^*^fct««4:t-*jBI*H3X 
3 tRttOHttflMkSEB. 

* (Dm 2 mm ^.m* $ n z mmmE. «t *> & s«{£t- & a 

£ i: ^#^Ctt-aW*JM 6 £3Bffi©SttjI&£tB. 
CfS*JB8] Bu!3ti*sfflh5>^x^*s P ^^>^;i/M 

osb7>^m!), H5i3ti(ifflb^>^^^©^ 

* ©SB 2 WSfcJ&ft $ ft 5 B^«ffi <fc 5 t> 4 

- t*¥fffi.t+zm &m 6 tfai£©B*«t&igfio 
[is^9 3 itiiB^ajKttx ±iijm©*^e>m^©^© 

i ~§t 8 ®^rn*fc:ffi*©a(«f fife««. 
c»*ai o] HuiB^r+/^>^©tfi**#m-fs^tife 

©«^*ff-5»2©^-v^«>^s$e,K:iiiiSifc*ft 
*i:1-Si9*l 1 ~W*Ja 9©v^ft*fcgB«fflB(*» 

[if*! 1 1 ] ffim*+rtis*^<D9MXti&KX4 v 
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-©^^^^^Ei^-eiillSFfiJffllLT^H^ 

©BMi^BC^T, fcifflafffeJlTfflfcffliP&fco 
Y£. 

mm?* bmr- h-©-#©*Mcsg immtv-b 
mm&mffiztiy- 7xu>u*>3ji Ymmxmw-rzm 1 

10 M0Sf7>^^t 

1 *K#i&3£8JE£&fig3 tiit U v > 3 ;v 
SJ#1-5^2M0S h7>yx^i:, 
-WI2MOS h7>^^©»2«ffiC«8B$nfl!i 

20 hWB^^^©^-**:* 1 «S#&M£ft|g 2S 
ffi#itiiS«BE HggRSftT V> 5 £ £ « ty- bC'Jt^ 

I3MOS h5>S>**0»2«ffiKSei*ffi#8Hft;* 

nm 2mmifi&tim^mzmii!ti>f- Ywrnmrnto. 

«fc«*SSftfcfiE#aiUli©fg5MOS h^>^* 0 
©H#*MMS«C*V\T, §H*ASttT©t)©*e>&o 
30 H 

hu137 a- hy-f l«©-»©Sffit:tB 1 h 
MOS Yv^VXZk.. 

-yW2MOS t»5>S?^^©S62»ffitS«ii3fnfl& 

sH^itasamicgjRgfns k t * 2 mo s h 5 >s? 

40 MOSh7>^^^LT'Jt^ f?n2.++^->^ 
k, 

aESEtgs«s$nrJi«si:bt:iM^i-*»3Mos h 

7 >i/7>& £y 

iiti^iSMos h7>i;^^©i2tit:gi$ 
2«ffi#ffi*M-^«cgEasny- b«si*«ffaK 

[W*iai 4] BBSRS^'h'Ji'^ttfciSbTJ&S-JfcTC 
50 TV^Sdi:*fipai:-rsBi*»«6^fi: 7*h^^- 
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b't. 

i mmvmmm& sum s nv- 77 v ? a * 

!Wn»2M0Sh5>^i:, 
-J$#lg2MOS h 5 2 WSKjg«<**iflfe 

^* s i4^SJE£g^;*ftiitjl37* h^-T*- KT-^L 

««Et:SE»**i.TitSSi: UTft#-rsi§3MO S b 
^>i?7^i:, 

iifB^-WV^c-SSfcia 1 8ffitf&i£$ft$ 2 W&ifi 
0N-T5S4M0S h5>^7*£, 

«(Cg8lSS**ifci8*ffll/fflO»5MOS h^>^^^o 

7*bn*-Y£, 

mm? xyvj*- Y<D-ji<Dmmfc% lmmtv-b 
h t 1» £ $ i effi wmmmj£ imm zny-yxu * ^> a 

W3M0S h7>S>**©*2WBfc»l*S#»»* 

2 m wmciM^ny- ni#ff«i 

*»£>J5B»K f6M0S V-^yVXf&OFY V,Xffitfc* 
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©S{*fiH6£Hfc:*^-r, #HSK#, 

8*137* hy-f F©-#©*SifcSB 1 ttifcy- h 
*@#^2ft+>-77 U y -> a;u Kffl«T?!Wrj-aS5 1 

y-h^iMos b7>vz*<Dy-bizmmtim 

ltit^D'^ #Ep;!jD $ tilt 7* !✓ y ^ a )V YmMX 
»fftS82M0S h7>^^t, 
10 -i$#tgl7^ ^fS^Ltf2MOS h7>^^® 

JR«ffitSe«!*nTJie»fc bT»#-TS^ 3 MO S h 
v>^7*£, 

-«ia*»3mos b^>vz*<Dm2mMizmmztim. 
m&&tim^mfcmM2htzm2xj v^t, 

fr&fiStK mix* y^-SONttJBtcuTiiia^r-v^S/ 
20 ^^2MOS b7>^^CiliMMtt*&bIIf 
©«7>£ff &V\ Sglja-fy^fcOFF Ufcttl§T-i£ 2 
7-f y^£ONbTiiui3*^V>*©{g%£!g3MOS 

-vf*ONttItbti2MOS h?>S>7* 

M2MOS h^>^7^fgl7^ -.y5f-£SLTiiy 

[19*® 1 7 ] H«£v h 'J **ttfcELTfcS-&7C 
30 ©HttM®tC*V>T, 

15137* t- ©tffiti 1 tffiJ:^- b 

ttS $ tlH- 77 V s> •> a ;i/ K ffi«Tf «rf^ "T 5 ^ 1 
MOSh7>^^t, 

y-^HMOS h7>^^©y-htgi$til 
lllC^n-y^ # Btirn £ft1t 77 1/ y > 3 ;i/ 
i#t5§2MOS F7>yx^i:, 
-S*silX^-vmbTi2MOSb7>^ffl 
IS 2 mcttttSftfltf AttttEEK: jg^$timiH37 * 

40 a-- Yxft$L ufeMfita^s < m<§ 

^«£EJc^$titii*iiii:U-ri!;^t-5^3M0S h 

S h7>^^fc, 

50 jtPkJE&'K ^17^ >^^^OFF UTmilB^^^^^© 
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l**abTv>SJ:SfcSI2M0S b^>i>77©fB2* 
ffiffl*a«y*©y-fe«y h«ffiJ(BHtgi8B!g2MOS bv 
>^^<0»2WilcB|»1-*pn»&S«ftU-b's» b 

u sjiai'oy*©ft©i/^mijiaitfwapn«^sji 

^©ff^©«7>£g8$S£i»\ jtyfB**^*©^©^ 

1 8 ] Sj*£v b U ^^«tELT«:4rL*5c 
©H*HS*S«fc*S^T, &W*#> 
7* bTM #-b*£:, 

ftijI37* h^^ KO-^ffltlCf 1 lli:^- h 
MOS h7>^^t, 

y-b#*iMos h7>^*oy-n:se*n» 

1 «ffiCig8t«BE*«miP*ntf^ b '3/ > a ;i/ FfB«tf 
-J|i#tB2M0S h5>y^^©M!l2«ttC8E»*iiflh 

jffi^iam«ffic^$nisfH7 * b^v *- b*T-ss£ l 

*2*+^^©«iia-«icy-h**«Bii*n»imi 
#**«£Etsajiaf ntitwsi: ltswm-sm! 3 m o 

S >7>^x^i: N 

SB 2 **;V>*©-igKtB 1 «S#gjlS;*tiSB 2 *S# 
SB4M0S b^>^77^, 

-sgi#SB3Mos h5>^^©»2«BcaaiaFnflh 

^#atfrti^£&^£ftfeSB2 7^f y^fcjfc&fig!), 
IB 1 7^ 7f$OF FttJBfc bTSB 2 * + /^^Ofi^ 
£SB3M0S V?>V7>*-cmM\,xmtimBr4lt» 

ii3BBtS*ai U*T£x i4M0Sb5>^60NL 
TSB2^;v>*£U-fey hLfcft, SBl7^-v^£0 
N bTSB 1 *-W^*©«fflfft» 2 **^>^ig^-r 

7* b-^-f Yt, 

mm? * YVA *- K©-*©Sffit:» 1 IW^- b 
H^iiSM^^ b ;i/ F««TfSW-r *SB 1 
MOS b7>^7*i:, 

7-b#SBlM0S b5>^7**©^-b£&M£*iSB 
1 «® £ * d y ? ASQJiD ^ ft if 7~7 b v> a ;i> b* fWsgT 
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ij#-rsiB2Mos b^yvxtt, 

-J$#SB 2 MOS b7>S>**©S&2Sffitc88ftSftflb 
SB#«iS*Efc»lK3:hJ3!B7 * b 7*^ *- b*T-#g£ b 

-jhjfsb i ^r-w^^c-sHfcgaasjxfca 1 7^ 
sb 1 7^ vrtDtwK-wimmtiWi&mmMEK 
m 2 ^-wv^c-sHfcy- b #«^£tiSB 1 im#b: 

10 SK*Efc&|gSftTH<B«fcbT»fr*-S£3MOS b 
7>^7*£u 

-*Si#SB3MOS b7>^7*©SB21«WgM$ftfl!l 
«B**U*M^»fcfi?lK3FnfeSS2^^ y^i:, 
fr&JSED, SBl**/V>*T-;»7>Sft;femE£SBl7>r 

FFUt»2* + /v>*fflti?t:S^<efS!|3MO 
S b7>i/*7^7?*t*ibTHuS3tH7jM^SS^^aibT 
^5fctfcSBl**^*T*#©«7}&ff&5c:fc£i8 
20 ®fct-s@fri«^fic 

©@tt»fcSBfc::i3^T\ 
7*b^*-b*fc, 

b7V;t- K©-#©«&£SB l *i£7*- b 

«n#g$g£ft-y-77 b * ^ 3;i/ Fnwrciwe-ra* 1 

MOS b^>^*77t, 

y-h^lMOS b7>S>**©^-bfcJS8E«*ftig 
1 7 D v 7 tfWin $ M 77 b >y > 3 )\y ¥ffi$T£ 
»#t-5IB2MOS b7>^):, 
30 -i$*sfg2MOS b7>^X^©i2tgtgi$ni 
^#S^*E£&^$ftiitiH37 * b 7M b*T-fg£ b 

-^#SBl**^7©-«£&^£ftfcSBl7^ 

Ml 1 71" y^©flb«fc-*#^3ftffl^#ig«MEfc: 

JH»*ii&»2*+^^fc, 

IB 2 df ^i^o-iSiC^- b #gtge£*iSB 1 WB&W. 

v>i?7*i;, 

40 SB2*^S/*ffl-#C!Sl*ffi#^3ftMS2«8&# 
IB4MOS b^>^7^i: > 

-^#IB3MOS b7>^7 7©fB2«H{c^^nffe 
^* 5 fcB^f^{cg^$tifel«2 7i' -vfi:, 
Affile >K SU-f yf^OFFUfettM2Jr + ;t 
^>7©ff^*!#3M0S b^>^77T-ti*ibT^ai 
bT^?)i:§tc|g2MOS b^b^77©SB2»I£EP 
in^tl57D^^©iJ-ky htEV^VWtf 1=^+ 
y^S>7$rU-lr^ b U huI370 
50 »l^w>^©«^ftgB*&u S^ffiUS7&SB4M 
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OS h7>^^SONU|2^^>^^';-t:-v h 

-km 2 >\*y * ^mm * z 1 1 1> tig 2 * * ; v> * © 
«#&»i-r s £ i: h t- s amti^Bo 

[M#lff2 1] lUBBH^tWbHiJHBaiWS^^^bT 

&$E£*iituf3!g3Mos t^>^;*£©Kw ymx-m 

5f<JS 2 0 © Ir* t IB® © @ft«^go 
[IS5(<iH2 2] Hf«^HJ7*©?ijr,ht, ^©jajc-g- 
£ti?>&iij5»©lf§5MOS b7yvx*lzmffi,is1%tzm 

1 5©^T*i;64cf3«©ISft^Slfi 0 

[^*Ji2 33 mm^h vtzomztiz, *©j»jc^ 

S^S^S!*©!!^*^ y^tgSKSftfcfllfWii^ 

ffittzz &m>mi 6~w«js2 o©v^-r 

ftfrfcfB*©H<«8«gB. 
[$gW©f$Hl)fcB£Bjn 
[0 0 0 1] 

»tBI#ftr:*7cfcElEt&H»iWkSS 

■fcH*-*. 
[0 0 0 2] 

[fie*©tt«5] 7* hy>f*-l*3f©>fe«£8l5fr?i:, 

m*-^ai:**tiH**^ mj in?m) tsab 

CCD^fcM0SMt7C#<7>fte.n5, CCDili)K 

feS. -SM0SItt7;rh^*-K©pn8^i 

[0 0 0 3] CCT% «©M0SS@»SlOl 
H*at>©«JS*H2 4C:^bittTO-rs. lil0t*JV> 
T» PDtt7*h^Y*-I*Tf»t), ■£©# V— H^M 
OS h^>i?^^T l©y-hi:M0S h^>***T 
2©Klx-f >CgaS?*irir^S. M0S(-7>^^T 
l©V-7x(iM0S ^>^X*T3©Kl/>f >£&fi 
Sn, MOS h^>^7*T 3©V-Xtt£B*jfI^§lV 

FN >Ctti|[JK«EVDD#q]JP$n, MOS h^>^ 



T 2©^- hCttiS«E«ff«RS#8lin*nT^4. 
[0 0 0 4] 7*hy-f*-HPDt3t* s SfcSi:x * 
«ffi#38£U f©tmMOSb7>^^Tl©y 
-hCfi^nS. -dfs MOSF7>^^T3© 
<y-h£^;b7x<I>V£-5-;LTM0S h7>i?7*T 3 £ 
0Nf£i:. MOSh7>W^Tl©^-hOlSt 

m*^^i8Vout^#tBsn-5. ^©«fc-5Cb"rA*r* 
*tiit«ibfea*««ESiis*tH-r^4:**Tf*«. m^m 

10 ^ffibmfcfcMOS bv>^7x*T3£0FF£bTM0 
S h^>^X^T2<feON1-?,Cli:T-MOS b^>^* 

[0 0 0 5] 

[$8$#8?&bJ;3i:1-3fiIS] :©i5t, t£fc©M 

0 ss©H»««§iatts-iis*t*si^T7* hmr- 

KT-^bMOS N5>5>**©y-hfc»*3ftfc*te 

«^r*-e©**wi*ai-f *©-c*ofe*t,^^-5 ^ 
u>s>#«<. £fcft®©^i&j$7>^y^x$##^i: 
nfcssHWjsnT b*v\ b*»*>m:&fi^i±/h3^v 

20 ^<;i/T-feS©T-, S/N#lK^fcbTft&SI©»fc 
5 c: i: #t? i: v» 5 o fee 

[0 0 0 6] #f6WH±£©«k3&jaCK*&3ftfc*>ffl 
T-feoT, Bf!S©/ibb£*§<f#£^#T-££@£WI 

© SWtt S /N©&J?fc»fc«^-fc»3 d t § § @ 
[0 0 0 7] 

30 [fw*m«-r*&»©^«3 ±mv>3(fi)itmm-fz>tz 
bT&s-&5c©Btt»»§SBfc*5v<>-r\ * 

; H5fa^»£&3*?^©W;t>«^£*ti&£g| 
bfeSffitg^S^^Si^i: ;$lS4i£$2« 
«fcfflJ»«ffifc*«Sfit. d©f&J»«BilCBliB*f«*«i* 
^©ffi^ltffitfEMin^ftS b^>^*£ ; -vawmK 

40 ^4. 

[0 0 0 8] ZC^tiSt, *«*tfeB*»M^tt* 
^1^*T-«#;*;M3©T\ *««Uim*®9C***l 

*n»4*n«. ^bT, in&©^»fiR^-?»Sia«© 
y -y x©»**nfc3fc««ftffl*M^i±seicJiB»Tf it 

v^sam^fc&s. at, i©«fiK^tt*HRjE»SEijit 
50 t»m^S!* s ia!«-6*iT^*©Tf, «t»)iEB6t3e^bfc 
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tooo9] »«B3tB«t«j:5i:, mmsttmi 
^ > y x * (Dm 2 ant a b s tH^ft ^isicsstt* n& 

flffi«tfte&^tr*©-T?fco-t*>«fcv>. ccoft^figtrc 

M*ffl5ici3*i-s«t5ic> Htjfa#aiE^{±ti*iffl b io 

y^^©jBi«ac9iin*n**««flE*iattfflb7> 20 
[ooi 1 ] ttfiffl h7>^^fcup^t>^;i/M 

5tc, i8fifflh7>i?^^©»l«SHCHiin$nSii« 

«EE*«iftfflb-5>S?^*©»2«lilClg|jl!3tnSitt« 

IS«S9K:ia«-raJ:-5t, ^nj«©^*^m^©t.© 
«t#m-ra^'f y^s^-tr*©fefflv^Tt>«tv^ 30 

JBl 0CI3«©#gHJT-t4, SSl**>>V>*©m;*j£#ai 

fcCib, »l*+^>*©m%feK*ttl1-i:Plfift:» 
2 *-wv>*^©«##prte »iH»«t*r*B-r 

[0012] ii^fli 1 ti3«©»i»Tftt» ma 

g«£ft£ft<s?©M<frffib©*>f ? >^tfff rkci* 40 
t&4-mmx'm~X'$>z(Dx, mmrsx-vrnfr 

mbrftfcSr5<f5^ffllU£i:v»ofct>©t±£bfcv^ 

[0013] St, ts&mi 2tna«©»WTftt. ni* 
K®-*©tit^ 1 mmty- hwmimmtsti 

V7XVvisa ;u K mmx-Wrtt? S£lMOShv>S> 
; y-htfilMOS b^ >$;**©>/*- hicg 
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K««Tfftff-r«SB2MOS H>^t;-W 
2MOS h5>^^©*2«fiit«f«|$*ifl!iS«*»KJK 

lz&-3<m^*mfttZ*W'* £ ; B«if3*+^>* 

nr««8i:bTiM^-rs»3Mos h^yy^^fc 
h * *i fc i: s o n t t Mr sa* + > v> ^ * «aaa 

ttSBt'J-fev ht"2»^4MOS h7>i?X^J: ; I3M 

os h7>^^©tR2«aiciisim«4»K»niR2 

[0 0 14] Z(D£otemmiZ£%£, yxYVJ*- 

Bl«**U *©y-h«£EHdfflt**«*fcJt«bfc«E 
fcfcS. ;ffl«Etioti2MO S h 5 

5MOS b^>^**#ON£ft*^V>*©*EE#^ 

3mos h7>3?^^i;flj(H*n-cm*«^«^im* 

ft&o ^©^ I4MOS b^>^^^©y-Mc:»J-b 

[0 0 15] *fc, 3(;SB«©^BjT-tt, IHJfS 

*v h >J ^^ttfcfibTft4z:*7C©H(««fcSS«t:*S 
OT, 7*h^-f*-Fi: ; 1-1137* h^f 

*- K©-*©««t« 1 mmty- tnmifitmzti 
vrxis v is * * Yw&xmw-t &n imq s v^yv 

*$>£ ; ff-bifimiMOS b?>VZ*<DV-bfcm 
; -Jg#!f§2MOS h7>^*fO»2t 

itii? tim%ifw.mmmK&i0i$nz t tt> tzm 2 

MOS hv>S>**©S&l WSC'J-by b«E##;l£> 
ftfetSC162M0Sh7>^*^Lt'J-byh? 
ft£*-W^>*i: ; BtfS3*-^v>^©-iBt:y-h*sgf 

fftS*3M0Sh7>^fc: igltl^SMO 

^mmmztif- bmmwmtRUizmm^tiTzm^ 

{iJbffl©lg5MOS b5>5?^»i:*»€.figoTV>a. 

[0 0 16] Z.<Dtito&T?tiL* **K%/9<am5&**t\ 
S^«ffi©^aibCoi>TBu ±33iS*S4ffl*fr&fc 
m—X&%ifi, *-WV>*©iJ-fey H-O^Tfcfc^M 
OS h7>^^©»l«8lt , J'by b e>ft 
Jpt/^^©fgi5I2M0Sh7>^^§ 
abtS;«^n-S^i:tJ:oT^$ns, 

[0 0 17] W^JSl 4fc8B*©»HBTfJ± x 

*v h U ^^«HEbT«:5-*7C©H(«lifeSiBC* 
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(Dmm^m i mmt>f- bnmimmz n 

htfllMOS h^>^^^CD^-b{cS 
ni2MOSh7>^J: ; -S$#S§ 

> # ©s§ 2 iii:jfiie$fiftw#e« 

b tfSBK^n^ i w^iaaEWECftiK* 
as i m#&ii£*i« 2 «s# 

MOSb7>S^*£;!g3MOSh7> 

wscss i wm&mmtsnm 2 »s#ai;t» 

J5MOS b7>^^t*>«otl^„ 
I M&fll 5K:f3«fflfSWe^ HI* 

^©w&tss 1 mmt?- hWM&tmtsn 
■s3)i pmmx-mft-tzm 1 mo s b => yv 

h#SUMOS h7>^*©y-hC8 
X^i: ; -5gi#!fS6MOS Y?yV7.$><Dm 

^Stt^nsB 2 *s#«ME£Jg n^nr 

^X^i: ; f3MOS b^>:^*©S!2* 
ti» 2 «ffi*»ffi*e^*tg|fi5* 

ffi#ff atR»ta«*nfc»i*ai bffl©s§ 5 

>^*X* H6MOS Y^yVT. 

* T**t*@ bxM^tis-r £ a t bT o 
] z.com$Lx\^ ±mm<Dm&uo^ v^y 
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[0 0 2 1] *&, I»5J8B 1 6 £33«©3£BJ3T-8u HSU 

Yv>-i5<DwmKLm 1 yw&wmzti 

y-7X\sy issjl, h-««T?«rfp-r5tg 1 MO S h7>->* 

m%ix%iwmz?vv7-&m^tivy'7.vv*/a)\, 

5»mLtS2M0Sb7>^O»2ti 

fcmmznimifimmmE.tzmm$nmmy* vyj* 

*h ; -7 , -h^mjl3^^^^^©-^t^$n^l« 

«#ifi*«BEcaBii*nTflMiSfcUT«f^"r«»3M 

OS h7>iJ7^fc ; -^#113 MO S bv>S?**© 

»2«at^*n^#ffi*©-»Miicaf«s*nfc» 2 

i33r-W^^!g2MOS f»7>y;**©tB#«*fctt 
20 J&LTM^©8#fcfr&V\ SI 1 >W vf* 0 F F bfc 
tt»Tf»2^>f s^&ONLTitiifB*-W^>*©<I^£ 
SI 3 MO S b 7 bTffiam^S'^fffi 
U ^©^ SSlX-f >7^*0N^tIbTSl2M0S 
h 7 > v'X * ©^ 1 IMiiC ffl^D £ ft -5 iute^ D v © U 
■bv MEW:f2MOSb7>^^J;iU^ » 

[0 0 2 2] Z(DmmT-&, *-WV>*©W»Hb CJ-tr 

[0 0 2 3] 3S*@1 7CIB«©*8l»T?B:, H3R 

SiBX^ Yt ; mt&y * h?-( 

tJ-- P©-#©«ffiCSB 1 tli:y-HWli$n 
1^7^ 1/ >yS/ 3 ^ b'Mttfft §i IMOS h7>i; 

; 4*-h#SHMOS h^>^X*©y-hCig 
ffi$ti% 1 ttSic * n v 9 ififMmZtlV 77. V v %s a )l 
K**TJ»ff-ra*2MOS >7>y^fc ;-JB*»^ 
ffS^btS2MOS h^>^X^©SS2«M 

- k b &#«*fcas-3 < ft ^*m%-r z**/^> 
®vmmms.fcmwiztixmmmt \sxmwtzm 3 m 

os h7 yvy% t. ;—W1fim&*-W'*<D-WK.%t 

mztiMffi&mmmmzmmzti'f-- bt'jt-v vim 

#A;/j£ftSS!4MOS Y^yV^k. ; -ig^f!3M 

os b^>^y.^cDm2mm^m^tim^}htim^ 
Mtmw.zntzm2y,j y?-tiy>t>f&t), mixjvr 
*oFFLxmtt*^^*<Dm^*nzMos v^y 

50 s;**T?ttBLTffi;&mM^t&#fflbT^SfcSfc£ 
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2M0S h 5 >y**fflte2*ffiffl*P y h 

b^;vffiP^Cmi!2p n&i^»^©<g^ffl*7}£gfi&$ 

^ & o n $ buie p nm&mmowmmffi & mm * 

[0 0 2 4] m#mi 8tf3«O^T-tt, MM 

v^•C, 7* b^f *-b*h ; Mb3:7* b^ 

3t— b-©-#©»s£ig i YmM&mmati 
y-y^w ^3)i Ymmxmft-f&m i m o s b ^ > y 

1M0S h7>^7^ffly-fCg 

f sat a^-r s ^2Mosh7>^^i:-w 

2MOS h7>^^©^2*a^}gi|$tlfte^#ia^ 

- b vmwiz nm i «s#«isajE izmmz nxmmm 
^txD-mtm i mm&tgmznm 2 mmifimmms.iz 

V^y^Xtt ;-S$#tg3M0S b7>^X*©|g2 

imizmmznmm&tiitim^mzmmztitzm 2*4 

v3-hfrt>m, iU^^0FFttIl:bti2 

©«t}£H5SU ituiB^ffi L^7&, I4M0Sh7 
>i^*£ONLTsg23ri>^*£UH2>.y b Lfc^ 
Hl;W >y^^0NLT^l^r-^^>'^©*^f§^2^ 

*/ii/*^mmtz>t£bizm2ic*/^>*<Dmft*m 

[0 0 2 5] fflfsfcH 1 9 tl3«©«B^T-tt, IB* 

£v b y ^xtt£lELT&£z:&53©@Mi^B£:b* 
V>T, #Iifft#> 7* b^3t--b*fc ; iiui3:7* b^-f 

; y-hisilMOSb7>^^©y-hi;g[ 
1 Wl £ * D -y * ifiWiQZtiy V 9 > a )V 
Ki«tifft5l2M0Sh7>^i: 

2mos h^>vz*(D%i2mMfcmM£i\imwm.m 

titzm2**s^>trt ;H2*-w^*©-igC^-b 
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vmmztim 1 mmvmmmEEtmmtixmmmt u 

Ti&f£1-?>fg3M0S h7>i>X*t ;-Sf#Sg3M0 

s b^>^^^©^2«Mt^$nffe^m*(i^ 

v-^fcjg-rS-ilT-^ 1 *--WV>£©U-fe>.v b£fT& 
V\ 2fcV^-e^ 1 ^-f y^£0FF LTlf§2 3ri'^>*© 

mm&tim^m^mfrttiLx^z tzicm i**/^>* 

10 T-&©*#£f?&5cfcdC&oTl^„ 

[0 0 2 6] tt^JS2 Otf3«4©^T-ii, MM 

■y- 7 z is 3 jv k ««i?iW£-*- 5iiMOSb7>j; 

; y-h#Sf§lMOS b^>?Z*(Dy-htzm 

hWifmi2Mosh7>^^fc i-mwm 

2MOS h7>^X^(Z)^2«fiit^$tlfM>& s iSM 

20 mmz&mznmmy * vyj *-Yx%£Ltz*imm 
\zm-3<m^*mfrtzmi* j r^i"?k ;-*»*** 1 

xmtt?zm3MOS b?>i>X*t ;&Z**rHts# 

v-mtm 1 mm&mmznm 2 mm&mmm&izmffi. 

Ztltf-blZV-kv b«JE#EMD$*l5Sg4MOS b5> 
yi>7,*?h ; -SHASSB3MOS b5>S?^*©^2a« 

30 tcjg^^tiffe^* s ai^fs^^SM$nfe^ 2 v^- 
^^oitsi3Mos b^>i?x*xmm\sxmfr 

iHUTV>*i:*K»2M0S h5>^^©9l2«ac 

+/i^^*'J-ir«j/ b U B«if3^ny^©ffe©U^<;^P^ 

M0Sb7>^^^0NlT|2^f + ;V>^^H'y 
bU M 1 7^ ON iti 1 #v/^^oi 
^SfB2^r+^«>^'MES1-Ski:t)t:»2^^>^ 
40 ©f^iltSiotft^Tl^, 

[0 0 2 7] *&, W*^ 2 1 tI3«©^HJT*tt, 

tiiifi3^3Mos h^yvztcDV'uj >Mxmmm3 

MOS b7>^^^©fl^ffiln;*fi£1-MOS h7>^ 

[0 0 2 8] W*]S2 2 £!3«©$gIET-fcfc> If* 

31 2~i*Sl 5©^-fftfr£B3«©@#«gEfi£ 

H^vbu^xo^jr^t, ^©^jtr^sns 
50 ^©i5Mos h7>^^tgi^ntiita 
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[0 0 2 9] M*g2 3fcKtt©$6UreOu IfsR 

« 1 6~tS5t<iM2 ocD^m^izmmomwmmmm.^ 

hfcfcfrr*«ifUSMOS h ^ >S^*& 
[0 0 3 0] 

£JIBI$A*l9iB«#ltibTKl£-*-«. Bl 1 tt#38SH©- 

mmmmx £ 5 -&te© m o s siMMic-s© 

ElJ^&IP&toC^bT^So IWc&^T, Gll~Gm 

nttfrMMt (vm;^eb) £*i&EijSt&^b-tv> 

So 2{iHit^*[HlE§T:fel3, ff (^f » 4-1, 4 
-2. • • •, 4-n£Jlf&;£fiLT^<o 3(i7k¥^ 
*BBSTf*t), Dli**e>ttt*m^*6-1 % 6-2, • 

CWU ±K?-f>4-l, 4-2 • • •, 4-n^m 

ijm^«6-i, 6-2 • • • , 6-m, mm?-(y5 
con-cur* u h 3 jw»©&^ffl^!»fc**n-t^ ut 

[0 0 3 1 ] HiiJ^iB6 -1, 6-2, • • • , 6 - 
niCTi:^ n^--\» >^;i/©M0 S h5 >^;7,# Q 1 , Q2 

#@^©$n< iffl-ro§sw-e>ftTn£„ mos h^>s? 

S' ©7>f >8fc88fc«3F*VCn3. MOSh^> 
[0 0 3 2] iB^Gll-Gmnttt, ^^S<t^t, 

*n&©B*T»^bfc3t«fift:a-3 < m^**t<i bT 
m*i-sti*iffl©^ 3 m o s h 5 > s?^ * t 3 vmtt e. 

ftm*. -€©*ififfl©M0Sb7>S?^^T3i:±gB 

Mosh5>vz*Qi £<Dmmmm&m2 (a) 

5C£-5o MOS h^>i?Z*Q 1©V— 

gBRaFn«a«t«ffvss' »3Mosh7>w 
T3©^•w>c^£ft5B:MEVDD , t©n«Rtt 

VDD* >VSS' itm*EVSS' tt0S*.tt^> 

ym& mm) -t-feSo ;o@gMJ«tt±a<oMosh 

7>^^T3©y-bt{g^A*^ TSCMO 

ftSo C©fcfi)TIS©MOS h5>iSZ*Q l&t&tfit 
mffi?-&*)s i2 (a) ©@BttV-^7*D7'Sffl« 
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3fr£tt^Hi:£>£ft3©tt«^T'fc££:#;tTJ;v>o 
[0 0 3 3] MOS h^>^X^Q2{47X¥/£4@K3 

«i«1-5«tdt«-ll«fi3Bt»©lli3t{rtlctt^-f ^ffl©S 
5M0S h7>y^^4>a8ffte>tltV^o u0|5MO 
Sh7>y^^T5*tMbti, K2 (a) ©HI 
SSttiE«t{3tt0 2 (b) ©£?{c&3o BP*), I5M0 
S h7>^#M0S h7>y7^QU§3M0S 
10 h7>y**T3£©H£*fA£*r£^3. ^df, $ 
5 MOS h7>WT 5 ttfT©»ft&f=f-5 *>©"£& 
t), h7>5>**Q2tt?y©aft£fi : -5 4>fflT?*S. & 

43, Hi*j:wia2c^tiii«ttfiiTfcKia-rs*i* 

BI2©«t5t*^-j-*^i:CJ:t)^©y'r>* 

[0 0 3 4]fot, BWtf^T^ y*U>^4£*© 
fe»C7tf|^jm^bT^S«to>Q:^^ ^©£ 

20 «:©^tii«sn4fe«), mn<Dmmmm» 
?) xcDmmvmztzz* tg&g]&©ftft&tf£is 

^■*«lri£1-Sb5>i?^^QlSiiii*rtfc:l9!»rfcx W 

*isjt@EB$nfcsm©iij«A s ^?n?»ai±»ff ^« 6 

-1, 6-2, • • •, 6 -mZtlzmttZZtlZX 

mftmrLvmiti&mx-z, ^mtrv^x-mmm 

[ o o 3 5 ] wt> &mmMm*mm®ft<Dmf&*7rs u 
tffltSo i>xT<D&nMftmx&, m^zmzM 
os h^yvx* t: 3X'mmisxm±iimm~-mitiirz> 

30 gf, tftUBbT^Stf, IEltftl3MOSf7>^^ 
T3fc±&©Ji^JB3n;ffl©M0S b5V3>;**Q 1 t© 

*a*^* tc «t o t tg e -r s * © t* & s ci i: ttmm s n s 
©*jaftwbTi(Wif *- 

[0 0 3 6] <»lldi^!B> H3t^V^T, pn7* 
by-f*-KPD*»«3ta5 ^ff^bTV^ 
So ^©7* hy-f FPD07^- HttSl©M0 
40 S h^>S^*T lfiDKl/'f MI2CM 
0Sh5>S*;**T2©y-hC»Jg£ftTV>$. ^2 
©MOS h7>^^T2OV-^ttI3©M0S 
>J^*T3©y-K WI40MOSh7>^X^ 
T4(Z)Fl/Otii^ |3fflM0Sh7>^^ 
T3©V-7;{i^5©M0S h7>y'^^T 5© FW 
>t^giK$^^TV^?,o i5©M0SV7>s;x^T5O 
V-*ttfflfcM^*Vout (^©VoutfiE 1 © 6 - 1 , 
6-2, • • •, ^mmtStlX^ 

50 [00 3 7]!^ pn7thy^-h'PD©*V- 
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K£fg2©MOS h7>^X^T2fflFl/^X RVm 
3©MOS h7>^^T3©Pl/'f >tttiS«E«EV 
DD#WilD3*ia«k3fc&oTV^. f 10MOS 

b7>s?**T l®v-:afct±itt8i£«EVss#, g!2© 
MOS ^>^*#T 2©V-7£(£*-WV>*C£7> 
UT|i]b<il^fllJEVss^iP$nT*5t), i40MO 
S h5>$>**T4©y-*fcttitffi*flEVRS#9«in£ 
ftTV>3. il, I2©M0Sb7>^^Tl, T2 

-f^^$nTv^§„ 10 

[0 0 3 8]^\ 7*hy>f*~l'PDt3!6#afcSi: 
7fe*tlit##8£U ilMOSh7>^^Tl®y-h 

fitt, MO S h7mw^i/f>3;n ? 1$ttt 

OS h7>^^T5©^-M:AM0V^it, 
IMOS F7>^^T5S0Ntt5fc*t^i/^C 
^*»3ft&*m:itWbfc«?*E#*3, I5MOSh 
7>-^T3, T5*«D, hH±rfs^Vout-N»Hi 20 

^ (m**M) fclfc*HJ-rc: OTttfcffib 
tl±f5MOSb7>i^^3'T5gOFFtlTi4M 

os h 7 ^ t 4 s o n t« ^ t-e+t^^ cs 

V»3M0Sh7>^^T3©y-MffiS«l)fflft$ 

[0039] <&i%wm> H4fcw*-.fc3fc*2£ 

f 2MOS h7>^^T 2IDFH >C 

3M0Sh7>^T3©y-bWESU-feyh ffl 30 
8Hb) t5i5tU tnCi^S4MOSb7>i? 
**T4fcfflB&Ufc*j£fcfeo-C^S. *CDffeCD*J«tt 

mimmsm ms) ti^-r-feSo usu ^^«d 
ti, d-u^wbrs-cbu ^+^^c©t^Mos 

JE]RUS3 3MOS h?lsi>X*T 3©-7*-M±B&7n y 
7*D©D— U"<;i/SEEtCfc£ CJ-fevh) = 3©i§2 
USSBfiT-HU »4M0Sh7>WT44*«tS 
-S^ >7VHc& 3. 40 

[0 0 4 0] (i3»i)i5}:iti7lc, 13 

n»<itt, ss i mmsm m 3 ) t*r 2 m 0 s h 

©^6 MOS h7>^^T 6£;W ^^ilbTffAb 
&j&A«B«i:fcoTV'>S. ;©»6MOSh7>^ 
T6© Kb-T 2MOS >S>X* T 2© V-7 

^^b^VtLti6M0Sb7>yx^T6$0NL 50 
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t, **;v>*c©/g^fc«#ffii-*fc«\ mammm 

7*T6£0FFKlbfctt<iT% Ml5MOSh^>^^ 
*T5£ONU £§3, MI5MOS h7>^^T3, 

t 5 sabtm*«»vout^K*ai-r. 

[0 0 4 1 ] a*§Sfc*fflb«tt» I5MOS h7>^ 
£T5£OFF{C!U flo^6M0Sh7>^^T6 
^OFFCbfe)Kiff4MOS f7>^X^T4^0 
N$t5^tC <fcoT3r>;V>*C;&tfM!3MOS b7 
>WT3©y-h«E©'JH:7b (Mlb) £fT& 
% biP?.^, !6M0Sh7>^^T640NLT 

tt> — *^CE«£iifc£T©]Ii*©g56MOS h5> 

s? * * t 6 ©y- Mr mnn, mnmtz wvw* 

[0042] (mimmmm) m6tzi*-r&o^ m4 
mmzm&m 1 ^«2<§ (ei 3 ) c*r b-c, $ 4 m 0 s 

Y?>iJ7>t>T IZm^-tZttt)^^ f2MOSh7 

U lof©|2M0Sb7>y^^©V-^}:H^ 
i/^C^Ci6MOS h7>^X^T6S7^ 'Vftl 
TSALfw^ffllUTi'!), *©flb©*fiEttH— "C* 
So W!6MOSh^>i;.7>*T6fc):HW >#Sg2MO 

sb7>yx^T2©v-^tii$n, v— 

[0 0 4 3] 7* h^>f*-KPDK:7i6**^feSfc7t« 
«K#$8£U MOSh7>^*Tl©y-M:tt, M 

OS b^>s;^*©-^7*^vy'>3;i/K^Htt«t»). hu 

fc1*fcl^©«^#*l*SftS*^ Cit-2te(:El 
^nfet^T©i*©§6MOS h7>^^T6©y 

-r^T©ii*#PiRfSij, ®mmi5.vmftztitzmft&& 

[0 0 4 4] &&CS&5M0S h7>y^^T5©7'-b 
t;t;^OV«^, I5M0Sh7>^^T5^0 
NttSi:13MOS h7>y^T3©y-h'sI«| 

Tlv-S) Ctfc0!]bfc«Sit#Ml3^ !4MOSh7>^^ 
*T3, T441D, {f^ffiM§VouW»aj£ft£o 
^©J;-5CbTA»3tea©*Hfcfltt:ifcffdbfce^*l»* 

y^T5SOFFCU I6M0Sh7>^^T6 
§0NlCbtl2M0Sh7>^7v^T2©Kl/>f>}; 
*-WV>* Cffl»»Hb©fc»©* d-^OD - 
k.-ez-W'* c&ums MOS h7>-^^T3©y 
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[0 0 4 5] <»5SOBB»> H7fc>s*f J:3C, *5 

mm%m&m 3 rnmmm m 5 ) t*tu f 2Mosh 

CLT^S/StfifcffliSLT^So fts Csli^2M0 
Sh7>^^T2©V-^ (SH6M0S hv>^;*# 

[00 4 61 **, ^rffig^sa c s ttn 2 3 c^-r «t 

a fc, nS*i« 1 0 0 tM Lfe P-)x;H10 
li:l2M0S h7>^T2CV-^«ai 0 2 

6M0S h7>^^T6©PU>f>*ai 0 5tfffl 
CftoW*. H2 3C*V>T, 103liI2MOSb 
7>S>**T2©KW>««T?&»K $f;10 6(4i 
6M0Sb7>^^T6(DV-^iaTfe§. 10 
4, 10 7«tlfixi2, i6M0Sf7>^^T 
2, T6©^-b«itiiT*fe^)„ 

[0 0 4 7] 7 # h ^ K P D C^idii o t jfelS 
tt, MOS h7>VXtKDV7X\syi'3)\<\ t ft&lZ& 
©affitctt), *+;v>*CKtt#*^©ft^S*8R 

6 ©y- h icHttftk pobsmsovw* fc-r^ 

[0 0 4 8] &CSB5MOS h7>^^T50/f-b 
fc/W**V&#a.Tx if5M0Sh7>i?7^T5 
i&ONCtSi:, I3M0Sh7>^^T3ffl^-f 

7>^^T3, T5£M^ tti*B-§«Vout's»tH 
^ix5. ^©J:dtbTAW^»©*HSfltt:Jt^lbfcfs 
^£M#ffi-f;L£:#T-£So #llI»©*7>i^TB§ 
(I6MOS h^>^^T6#OFF&r&o;fc^) K 
B2MOS h7>^T2CDh^^ >i:^O^OD 
©D — l/^;i/£^-;u Cffll2fflMOSh7>^^© 
(^3 ©MOS h^>^X*©FW>) ©WW 

«Cs'N©*#£0li8U ft^»*aiLflBIHIK*©7l/ 
-A©fi^*»*8«Csfc*«LT*<. 
[0 0 4 9] ^LT, £IfflSi©{i^ (3l7b-A©ft 
*f) S^tBbfcm, I4MOS h7>^*T4ftO 
N£LT*^WV>*C&tfil3M0S h7>^X^T3 

^^T4*0FFtLTl6M0Sh7>^^T6 
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JH8T?g, TVi/-hT?©«rtBJif|WWffifc*:ao 

[0050] memmm) nsc^-r^t, ^6 

mi6^J!H±» lldBKJB (El 3) fctfcU I4M0SF 
7>^^T4©y-M:'Jt^ hWEfcLTffij£fflit 

stERST (dc) &ftmmto-rz&oizLtz&tfim 

Zo #me&flBT*tiU f^0Nt^i4M0Sh7>i? 
7^T44sffiKi:W^^ **>v>*Cffijtij6©J6 

I4MOS h^>^^T4©y-b«ffifc:inA 
S * flt«E* qJ^-T S d fc: C «t o T WSMfcUST- & 

So 

[0 0 5 1] <S8 7 fS«SJ&JB> 09£*vr«kd£, ff§7 

gdraftttiB i mmm (Em jc»u ^v>*t 

^ft&fflfflfcn^vi/^M/MOS h7>y^^J; D 
^5^6M0Sh7>yx^T6§7^f 'VftbTgi 

UTv^^ffliSU ^©ffe©«ljgg{i^l^Wflli:|Bi 

tiT'&So EI9fc33lvt\ i2M0Sb7>^T2 

©V-* fctt^«jEVssfc©f^{3^ 1 *-WV>* C 1 # 

mmzti^wm i c i®-«ti2Mos h 

7>^^T2©V-7tl6M0S F7>^^T6 
©Kl/'f >#88ft3ftTV»S. fit, 

h7>^^T 6 © v-x tmmmfcvss t(D?s\zm 2 
©*+;v>*c2#&ia«**iT^s. cr©!g2* 

t/^C2 tm6MOS h7>^X^T6©V-Xt 
ttHffl©£l3MOS h7>^^T3ffl^-f«$ 

[0 0 5 2] 7* h^5f--b*PDtd^A s ^oT^««t 
«tl>i:^lM0S h^V^^^T l©y— MC 
tt, MOS h^>^^©-9-r^U>v£/a;i/K#14C«fc 

|6M0Sh7>-;x^T640Nt5fc, tgl*-^ 
:>*C 1 ft fc*ffi#!6 2**^*0 

$^5. CI©£§, i2^+/^^C2©§Mil# 

^S/* C 1 ©«F*Cit l^s^* <a^t?*»-tt. $ 

1*-WV>*C l©*^fi±%^2^^W>^C 2^ 
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